Conclusions: Exposure to HBV infection may be a risk factor for breast cancer and may be also related to the earlier age onset of breast cancer (peaked around 40-49 years) among Chinese females.
INTRODUCTION
Breast cancer is the most commonly diagnosed cancer and also a leading cause of cancer death among females worldwide. Breast cancer alone accounts for 25% of all cancer cases and 15% of all cancer deaths among females [1] . Though the incidence of breast cancer in China is lower than that of Western countries, the mean age of breast cancer patients in China was around the mid-40s, which was about a decade earlier than what was reported for western Caucasian women [2] . Furthermore, in China, female breast cancer peaked in age group of 40-49 years, while breast cancer clusters peaked around 60-69 years in western countries [2] . This will severely threatens the health and the quality of life among Chinese females. So more etiological researches on breast cancer, especially on the Chinese populace, should be carried out. The Nobel Laureate, Zur Hausen, H., considered that slightly more than 20% of global cancer burden can currently be linked to infectious agents, including viruses, bacteria, and parasites, meanwhile breast cancer remains an interesting candidate for a viral etiology [3] . Some viruses are suspected to play a role in the initiation or promotion of breast cancer [4] [5] [6] . A population-based case-control study about association between chronic viral hepatitis infection and breast cancer risk suggested that chronic hepatitis C virus (HCV) infection was associated with early-onset breast cancer [7] . Similarly, as a hepadnavirus, hepatitis B virus( HBV) infection is more common than HCV in China, where every surgical patient should undergo routine examination of HBV serological markers and liver function tests for peri-operative preparation before operation. Though with the nationwide vaccination program since 1992, the epidemiology of HBV infection in China is still moderate endemic now [8] . While there are few studies done on the relationship between HBV infection and the risk of breast cancer in China. In this paper, the status of HBV infection and liver function among initially diagnosed breast cancer patients as well as benign breast diseases patients (as controls) who had undergone surgical operation with pathological diagnosis was studied to explore whether the HBV infection is related with the risk and earlier age onset of breast cancer among Chinese females.
RESULTS
There were 2452 cases of initially diagnosed breast cancer and 1926 cases of as controls with the consecutive reports of HBV serological markers enrolled in this study. The average age of the initially diagnosed breast cancer patients was 50.5±11.3 years, with age peaks being 40-49(39.7%)years old. (Table 1 (27.5% ), the positive rates of HBcAb and HBeAb were significantly higher than those in control group (p<0.05) ( Table 2) .
Multiple layer analysis stratified by age and compare HBV markers after adjusted for age with binary logistic regression showed: Among breast cancer patients of 40-49 years old group, HBcAb was positive in 648 cases (66.5%) and HBeAb positive in 344 cases (35.3%); Among controls in 40-49 years old group, HBcAb was positive in 372 cases (61.3%) and HBeAb positive in 167 patients (27.5%). The positive rates of HBcAb and HBeAb were significantly higher in breast cancer patients than those in controls (p<0.05) ( Table 3) .
The average albumin concentration among breast cancer patients in the age groups of ≤29 years, 30-39 years, 40-49 years, 50-59 years and ≥60 years were 42.4 g/L, 41.7g/L, 41.6 g/L, 41.5 g/L, 40.9 g/L, respectively, which were significantly lower than those in controls (p<0.05); The mean ALT among breast cancer patients in the age groups of ≤29 years, 30-39 years, 40-49 years and 50-59 years were 21.5 U/L, 20.5 U/L, 22.4 U/L, 24.5 U/L, respectively, which were significantly higher than those in controls (p<0.05); Among breast cancer patients with 40-49 years age groups, the mean AST were 21.2 U/L, which were significantly higher than those in controls (p<0.05) ( 
DISCUSSION
About 15% of human cancers can be attributed to virus infection, and viruses are second only to tobacco as a risk factor for cancer [9] . Certain viruses are suspected to play a role in the initiation or promotion of breast cancer, including HCV [4-6, 10, 11] . HCV infection was reported to be associated with early-onset breast cancer [7] , while HBV infection is more common than HCV in China, where every surgical patient should undergo routine examination of HBV serological markers and liver function tests for peri-operative preparation before operation. But current studies on the relationship between HBV infection and the risk of breast cancer are scanty at the moment.
In a case-control study to evaluate whether breast cancer in women is associated with chronic viral hepatitis infection conducted by Su et al [7] , 1,958 patients with newly diagnosed breast cancer from the year 2000-2008 years and 7,832 subjects without cancer for comparison were included to identified HBV infection on the basis of the presence of HBsAg, and there was no significant difference in the prevalence of HBV infection between the breast cancer group (6.3%) and control group (6.1%). Notably, HBV relies on a retroviral replication strategy. For HBV-infected patients, eradication of HBV infection is rendered difficult because the stable covalently closed circular DNA (cccDNA) becomes established in hepatocyte nuclei and HBV DNA becomes integrated into the host genome indicating the presence of ongoing viral replication [12, 13] . After decades of years of acute HBV infection, even with the clearance of serum HBsAg and the presence of HBsAb, HBV DNA was still detected in liver, which means HBV replication may continue and persist for decades of years as an occult infection [14] [15] [16] . The majority of healthy individuals positive for HBcAb, which had been assumed to denote a past history of transient HBV infection, and HBV DNA was frequently detected in this crowd with negative for HBsAg but positive for HBcAb [17] . So screening of HBV infection by HBsAg may well was limited with the light on the potential impact that the HBV infection may have on the development of breast cancer. HBcAb may more accurately reflect a long-term subtle influence of HBV infection on the initiation or promotion of breast cancer. By contrast, our study registered 5 serological markers of HBV, including HBsAg and HBcAb. The positive rate of HBsAg in breast cancer patients was 8.2%, which was relatively higher than that (7.8%) in controls, but without significant difference (P>0.05). While, the positive rate of HBcAb (66.4%) in breast cancer patients was significantly higher than that (53.7%) in control group (P<0.05), so were the similar results in age groups of 40-49 years (P<0.05). It was indicated that previous infection or occult infection of HBV was more common in breast cancer patients, suggesting that exposure to HBV infection may be a risk factor for breast cancer and may be also related to the earlier age onset of breast cancer (peaked around 40-49 years) among Chinese females.
Cancer induction by HBV infection requires long periods of viral persistence usually covering for several decades [18] . Hepatocellular carcinoma (HCC) is wellknown in the human neoplasms for being etiologically linked to HBV [19] [20] [21] . HBV infection can result in HBV replication without substantial liver injury for decades, but the risk of progression to cirrhosis and hepatocellular carcinoma maintained persistently over time [13] . Chronic HBV infection worldwide accounts for approximately 50% of all cases of hepatocellular carcinoma and virtually all childhood cases [19] . HBV X protein (HBX) interferes with cellular repair mechanisms may contribute to carcinogenesis [18] . Although the reasons of breast cancer promotion by HBV remain obscure and lack high-quality of epidemiological data, many researches in vitro have studied the function of HBX and hepatitis B X-interacting protein (HBXIP) on breast cancer cells [22] [23] [24] [25] [26] [27] [28] [29] [30] . Emerging evidence demonstrate that the HBX has been shown capable of transactivating many different viral and cellular promoters and high HBXIP expression was predominantly observed in breast cancer tissues instead of the adjacent normal breast tissues and HBXIP promotes the proliferation and migration of breast cancer cells and plays crucial roles in the development of breast cancer, serving as a key oncoprotein in cancer [22] [23] [24] [25] [26] [27] [28] [29] [30] . Furthermore, we presume a potential mechanism of indirect oncogenesis of breast epithelial cell caused by HBV infection: After HBV infection, HBV may persist as an occult infection and HBV replication may continue to cause a long-term subtle liver dysfunction [14] [15] [16] . Estrogen is mainly deactivated in liver and therefore estrogen may increase due to the result of liver dysfunction, while estrogen is a dominant risk factor of breast cancer, so final increase of gonadal hormone may promote the occurrence and development of breast cancer (Figure 2 ). In our result, the status of liver function in initially diagnosed breast cancer patients was significantly poorer than those in control group. Especially, all of albumin, ALT and AST were significantly poorer in 40-49 years old group, which was in accordance with HBcAb was significantly higher in 40-49 years old group. It suggest that the liver function of breast cancer patients was obviously poorer than controls at the time of initial diagnosis, which was in accordance with that potential mechanism of indirect oncogenesis of HBV infection on breast cancer. Certainly, various tumor related factors may also be related with liver dysfunction of breast cancer. This hypothesis was enlightened in our previous study about incidence of male breast cancer in Southwest of China, with a result that male breast cancer accounted for 1.96% to 6.5% (with the mean value of 2.9%) of breast cancers in Southwest of China from 2007 to 2011 and revealed that male breast cancer in Southwest of China was higher than that in United States(1%) [31] . So if oncogenesis of HBV in breast cancer functions through the impact on estrogen, and estrogen was also an important risk factor in the etiology of male breast cancer [32] , males with an innate low-level of hormone may be more prone of having breast carcinoma through HBV infection than women. In addition, high HBV endemicity was more pronounced among males in china [33] , so it is proved by our previous study that the rate of male breast cancer among all the breast cancers was relatively higher in Southwest of China [31] . Meanwhile, our results show that HBsAg positive group had not stronger association with breast cancer than those with HBcAb. There were some possible explanations. First, cancer induction by HBV infection requires long periods of viral persistence usually covering for several decades, HBsAg were not stable, permanent like HBcAb. So HBsAg positive patients not always have a stronger association with breast cancer than those with HBcAb. Second, the potential mechanism of oncogenesis of breast cancer caused by HBV infection was unclear. Breast cancer may cause by HBV infection from direct oncogenesis, and HBV may ensconce in breast tissue without expression of HBsAg. Third, this study sample size was not larger enough to get statistic difference of HBsAg may be also the reason. The nationwide vaccination program since 1992 has changed the epidemiology of HBV infection in China from being high then to moderate endemic now. Perinatal infection with HBV may occur despite of the immunoprophylaxis, and mutations of HBV which leads to loss of immune epitopes and functional sites may be one of the important mechanisms [34] . A serological and molecular survey of HBV in children 15 years after inception of the national hepatitis B vaccination program in Eastern China indicated that the total rate of ''a''-determinant mutations in the age 0-8 population was 13.72% at 15 years after the HBV vaccine was initially administered [35] . It has been reported that the prevalence of occult HBV infection is 10.9% in HBV vaccinated children in Taiwan [36] . In our study, among the controls of less than 18 years old who have undergone HBV vaccination at their neonatal period, HBsAg was positive in 3 cases (4.5%), HBcAb was positive in 10 cases (14.9%), and all of the HBV markers negative in 22 cases (32.8%). This data indicated that there had been still a high proportion of perinatal prophylactic failure despite the nationwide vaccination program drive carried out since 1992 in China. So the HBV screening and HBV vaccination efficacy monitoring should be enhanced from the neonatal period, which can probably prevent or delay the occurrence of breast cancer.
Strengths and limitations of our study should be considered. Strengths included the large size of the cohort, which was representative by a large segment of the Southwest China population, and complete record of serological markers of HBV and liver function tests. HBcAb may be more accurate to reflect a long-term subtle influence of HBV infection on the initiation or promotion of breast cancer than HBsAg. Indeed, for a sizeable subset of participants, we were able to analyze on the basis of age stratification. Unfortunately, our approach has several limitations. First, Family financial situation and History of intravenous drug abuse, what could affect transmission of HBV that mainly acquired through contaminated blood, may be potential confounding variable. We were regretful that the data of more potential confounding variable are incomplete. Second, we could not include additional serum markers (HBV DNA) that would show severity of HBV infection, and an additional healthy people group as control may improve the preciseness and creativeness of the results. HCV or HIV could be the potential confounding variables. If there is a disturbance, it's weak at best, because these infections are rare in China [37, 38] . Third, there is no neoteric national survey of HBV sero-epidemiology or available data of the prevalence of chronic HBV of our region. It will be helpful to give the readers a broader view of significance of HBV infection in your country.
In conclusion, current data about the relationship between HBV infection and the risk of breast cancer are scanty. Our study showed that the HBcAb seropositivity of breast cancer patients was significantly higher than that in the controls, so do the analysis on the basis of age stratification. So exposure to HBV infection may be a risk factor for breast cancer and may be related to earlier peak age of onset in breast cancer among Chinese females, and it is necessary to follow-up the immune responses to the hepatitis B vaccine. There has still been a high proportion of perinatal prophylactic failure despite the nationwide vaccination program drive carried out since 1992 in China. So the HBV screening and HBV vaccination efficacy monitoring should be enhanced from the neonatal period, which may probably prevent or delay the occurrence of breast cancer. 
Statistical analysis
Significance in the differences of mean values across the age factor was assessed by Student's t test. The difference in the HBV markers' seropositivity of all ages between breast cancer patients and benign breast disease patients were evaluated by Chi-square test. Data of HBV markers are number of cases and percentages. Because there were substantial differences in age among the two groups, to improve the precision, we conduct multiple layer analysis stratified by age and compare HBV markers after adjusted for age with binary logistic regression. The difference in the albumin, ALT, AST between breast cancer patients and benign breast disease patients in the same age groups were evaluated after adjusted for interactive of liver function and age with multivariate analysis of variance. Data of albumin, ALT, AST are mean ± SD. P<0.05 was considered statistically significant. All calculations were performed using the Statistical Package for Social Sciences software, version 15.0 (SPSS, Chicago, IL, USA).
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